Material and methods

Constructs
Expression plasmids for mDia1-C (21), mDia1-FH1FH2 (22) , APC-C (15, 23) , CapZ (23) , and human profilin (11) have been described previously. SNAP-tags allow highly specific labeling with benzylguanine-fluorophore adducts (24) . For expression of SNAP-mDia1-C in yeast, the SNAP coding region was PCR amplified from the SNAP-tag-T7-2-vector (NEB, Ipswitch, MA) but with a C-terminal GGSGGS flexible linker, and subcloned into BglII/BamHI sites of the URA3 6xHis GAL1/10 yeast-expression plasmid pJM45 (Moseley et al., 2004) . mDia1-C was subcloned into the BamH1/Not1 sites of this vector (pCG105). For expression of SNAP-APC-C, the SNAP coding gene was PCR amplified from the SNAP-tag-T7-2-vector (NEB) but with a Cterminal GGSGGS flexible linker, and subcloned into BamHI/EcoRI sites of the pGex-6P1-Vector (GE Healthcare, Piscataway, NJ). The insert APC-C-6xHis was subcloned from a previously described plasmid (15) and introduced into the EcoRI/NotI sites of the plasmid above, yielding a vector expressing GST-SNAP-APC-C-6xHis.
Protein purification
Unlabeled rabbit-muscle actin, pyrenyliodoacetamide-labeled actin (pyrene actin), and OregonGreen-labeled actin were purified as described (11, 25, 26) . Biotinylated actin was prepared by rapidly mixing 1 mL of actin (150 µM) in 5 mM Hepes pH 7.3, 0.2 mM CaCl2, 0.5 mM DTT and 0.2 mM ATP with 20 µl a 70 mM NHS-XX-Biotin (Merck KGaA, Darmstadt, Germany) solution in anhydrous DMF. After incubating the mixture for 1 hr at room temperature, free NHS-XXBiotin was removed by gel filtration on a Superose12 10/30 column (GE Healthcare, Piscataway, NJ). CapZ and human profilin were purified as described (27) . 6xHis-tagged mDia1-C and mDia1-FH1FH2 were purified from S. cerevisiae as described (22) . 6xHis-tagged SNAP-549-mDia1-C was prepared as described with minor modifications (21) . Briefly, plasmids were transformed into yeast strain BJ2168 and 2 liters of cells were grown at 25°C to late log phase (OD 600 = 0.8) in selective medium containing 2% raffinose. Galactose (2% final) was added to induce expression for 12-16 hr. Yeast cells were harvested by centrifugation and resuspended in a 3:1 (v/w) ratio of water, mechanically lysed in a Retsch Mixer Mill (MM200) (Retsch Inc., Newton, PA) at liquid N 2 temperature, and stored at -80°C. To initiate protein purification, 10 g of frozen yeast powder was thawed at 1:3 (w/v) of 20 mM imidazole (pH 8.0), 1.5X PBS (40 mM sodium phosphate buffer, 200 mM NaCl, pH 7.4), 0.5% Nonidet P-40, 1 mM DTT, and protease inhibitors (final 1 mM phenylmethylsulfonyl fluoride and 0.5 µg/ml each of antipain, leupeptin, pepstatinA, chymostatin, and aprotinin). 50 ml of this yeast lysate was centrifuged for 80 min at 60,000 rpm, 4°C in a Ti70 rotor (Beckman/Coulter, Fullerton, CA). The supernatant was rotated with 0.75 ml of Ni 2+ -NTA-agarose beads (Qiagen, Valencia, CA) and 20 µM SNAP-surface 549
(NEB, Ipswitch, MA) at 4°C overnight. To remove free dye, beads were washed three times with 20 mM imidazole (pH 8.0), 1X PBS, 1 mM DTT, 200 mM NaCl. Labeled SNAP-549-mDia1-C was eluted with 0.5 ml of 300 mM imidazole pH 8.0, 50 mM Tris pH 8.0, 100 mM NaCl, 1 mM DTT, 5% glycerol, then purified by gel filtration on a Superose 6 column (GE Healthcare) equilibrated in formin buffer (20 mM Hepes (pH 7.5), 1 mM EDTA, 150 mM KCl, 5% glycerol).
APC-C (Dual-tagged with N-terminal GST, C-terminal 6xHis) was purified from E. coli by sequential steps using Ni-NTA and glutathione-agarose beads as described (15) . SNAP-APC-C was purified similarly from E. coli, but with an additional labeling step introduced. Glutathioneagarose-bound SNAP-APC-C was labeled overnight at 4°C using 50 µM dye (SNAP-surface647; NEB). To remove free dye, beads were washed three times in 500 µl of 20 mM Tris-Cl − (pH 7.5), 600 mM KCl, 0.5 mM DTT, and 5% glycerol. Labeled SNAP-647-APC-C was eluted with the same buffer containing 30 mM glutathione, then purified by gel filtration on a Superose 6 column (GE Healthcare) equilibrated in the same buffer lacking glutathione. The peak fractions were pooled, dialyzed into storage buffer (same as above except with KCl reduced to 300 mM), aliquoted, snap-frozen in liquid N 2 , and stored at -80°C.
Concentrations of SNAP-tagged proteins and degree of labeling were determined by densitometry of Coomasie-stained bands on SDS-PAGE gels compared to BSA standards, and by measuring fluorophore absorbance in solution using the extinction coefficients: SNAPsurface549: ε 560 = 140,300 M -1 cm -1 ; SNAP-surface647: ε 650 = 240,000 M -1 cm -1 . The concentration and degree of labeling of OG-actin was determined as described (28) .
Pyrene-actin assembly assays
Monomeric actin (2 µM; 5% pyrene labeled) in G-buffer ( In experiments in which actin filaments were present, the glucose oxidase/glucose oxygen scavenger was found to be essential to prevent filament disassembly due to photodamage. Under these conditions, SNAP-647-APC-C was highly photostable and it therefore was impractical to given the independently measured labeling stoichiometry (0.6 dye per monomer). Time is indicated in seconds. Collectively, these observations argue for a continuous association Images are from the first frame of the recording and 70 seconds afterward. Scale bar, 5 µm. or not pre-incubated (blue bars). OG-actin (1 µM, 10% labeled) was added and the surface density of mDia1-formed filaments was measured by TIRFM (as in Figure 3B ) after 5 min. 
